The Maillard reaction accompanying the baking of bread largely affects the quality of finished bread and the degree of taste. Particularly, the difference of lipids as a secondary material can be considered as one of the major factors. We examined how the differences in constituent fatty acids of lipids in secondary materials are related to Maillard reaction. Chemical differences in added fatty acids were identified to be a major factor in the induction of the Maillard reaction and lipid peroxidation in bread baking. With saturated fatty acids, a higher carbon number tended to promote the Maillard reaction induction and suppress lipid peroxidation induction. Conversely, with unsaturated fatty acids, a greater degree of unsaturation tended to suppress the Maillard reaction induction and promote lipid peroxidation induction. The present findings clarified the involvement of fatty acid carbon number and degree of unsaturation in the Maillard reaction and lipid peroxidation inductions in bread baking. This phenomenon is a novel finding for the food science field.
INTRODUCTION
Studies on Medium Chain Triacylglycerol (MCT) consisting only of medium chain fatty acids (C8 and C10) have been studied and during that time there have been numerous excellent research reports. However, most of them focus mostly on clinical nutrition or biochemical perspectives (Seaton et al., 1986; Lavau and Hashim, 1978; Geliebter et al., 1983; Chanez et al., 1991; Kris-Etherton and Yu, 1997; Kritchevsky and Tepper, 1965; Leveille et al., 1967; Ecelbarger et al., 1991; Papamandjaris et al., 1998) . In contrast, very few studies have been conducted from a food science standpoint.
We have found interesting knowledge that the fermentation of the dough is enhanced as a result of tracking from a few years ago on the food function properties of MCT's bread and also clarified the fact that MCT suppresses the induction of Maillard reaction (Toyosaki, 2018) . Based on such research results, MCT believes that new knowledge can be brought up on the food function characteristics of bread.
By the way, it is a well known problem in the food chemistry and biochemistry fields that oxidation of lipids in foods causes the formation of offensive odor and potentially hazardous compounds (Ames et al., 1993; Gardner, 1996; Pokorny, 1999; Shewfelt and Del Rosario, 2000; Mercier and Gelinas, 2001; Toyosaki and Sakane, 2002; Toyosaki and Koketsu, 2004; Grosch, 1987) . It is considered that the lipid peroxidation reaction induced during the baking of bread has a great adverse effect on the flavor and texture of bread. In this study, it is extremely important to track the relationship between Maillard reaction and fatty acid, but no research report on it is found.
The objective of the current study was to investigate the relationship between the Maillard reaction and hydroperoxides produced by lipid peroxidation in bread baking promoting with various fatty acids and the mechanism that is involved.
MATERIALS AND METHODS

Materials:
Materials were purchased from the following sources. Flour (Super King 13.8%, Ash 0.42%, Water 14%) was obtained from Nisshin Seifun (Chiyoda Ward, Tokyo). Protein, ash, lipid and water content were 13.1% (Kjeldahl, N x 6.25), 0.4%, 1.8% and 15.0%, respectively. More than 95% of the flour granules were sifted through a 132 mm mesh sieve. Dry yeast (Saccharomyces cerevisias) was purchased from S. I. Lesaffre (Marcq-en-Baroeul, France). Gluten (purity> 90%). Glucose and lysine were purchased from Nakarai Tesque, Inc. (Kyoto, Japan). Wako Pure Chemical Ind. 95% Chemotherapeutic agent (C8: 0, C12: 0, C16: 0, C18: 0, C18: 1, C18: 2, C20: 4, C22: 6; 95% Yes, it was obtained from Nacalai Tesque.
Preparation and baking of dough: Dough was prepared using commercially available ingredients to prepare bread dough and using straight dough method. More specifically, the dough was prepared using ingredients for preparing bread, i.e., lipid, strong flour, live yeast, water, sugar, salt and skimmed milk powder. The added lipid content was 10%. The temperature of the dough at the completion of mixing was 26°C. and the dough was fermented at a temperature of 28 to 30°C. for 90 min. To study the influence of fatty acids on bread baking of C8: 0, C12: 0, C16: 0 and C18: 0 saturated fatty acids and C18: 1, C18: 2, C20: 4 and C22: 6, unsaturated Fatty acids were used in the test. Subsequently, the dough was molded, finally fermented at a temperature of 36°C. and a humidity of 75% for 60 to 70 min and then baked at 230°C. for 35 to 40 min until 210°C. (bottom of the oven). In this experiment, dough with only primary fermentation was also used.
Extraction of Advanced Glycation Endproducts (AGEs) from baked bread and determination of amount of AGEs: Using 50 mL of 0.25 M phosphate buffer (pH 7.4), AGE was extracted from 100 g of the baked bread. AGEs are brown pigments and the absorbance at 420 nm (brown coloring) was measured.
Measurement of hydroperoxide:
The hydroperoxide concentration was calculated with 2', 7'-dichlorofluorescein (DCF). For demulsification, a 5.0 ml sample was centrifuged (10,000×g, 30 min). Linoleic acid in the supernatant was then measured and hydroperoxide levels were measured using the method of Cathcart et al. (1984) . First, 1.0 mL of 1.0 M DCF solution in ethanol and 2.0 ml of 0.01 N NaOH were mixed, stirred for 30 minutes and neutralized with 10 mL of 25 mM phosphate buffer (pH 7.2). Then a 2.0 mM neutralized DCF solution was added to a solution of hematin (10 mM) in 25 mM phosphate buffer (pH 7.2; 0.01 mg DCF/mL). 2.0 mL of the hematin-DCF solution and 10 mL of the linoleic acid sample were mixed and allowed to stand at 50°C. for 50 min, followed by fluorescence measurement (excitation at 400 nm, emission at 470 nm) and DCF was measured. This method measures hydroperoxides with higher sensitivity than the iron rhodanide method commonly used.
Statistical analysis: All data were shown as mean±standard deviation. Statistical comparisons between different treatments were approved using Duncan's new multi-range test (Steel and Torrie, 1980) and application software Stat View 512 (Statistical Information Brain Power, Berkeley, Calif., USA) It was done by t test. The significance level was set at p<0.05 in all statistical tests.
RESULTS AND DISCUSSION
Changes in the Maillard reaction and lipid peroxidation inductions during baking of dough with different added saturated fatty acids: Figure 1 and 2 show the effects of different saturated fatty acids on the Maillard reaction and changes in lipid peroxidation, respectively, induced up to 1 h of baking bread dough. An increase in the carbon number of the added saturated fatty acids tended to increase the Maillard reaction induction, while conversely suppressing lipid peroxidation induction.
Products of the Maillard reaction have known antioxidant effects; thus, they suppress lipid peroxidation (Nasrollahzadeh et al., 2017; Dong et al., 2012) . Therefore, the following inferences can be made from the present findings. The lower the carbon number of the added saturated fatty acids, the greater the promotion of the Maillard reaction, leading to greater quantities of the products of this reaction (primarily melanoidins) and a more marked antioxidant effect in the form of decreased lipid peroxidation. Figure 3 shows the relationships between changes in the carbon number of different added saturated fatty acids and the Maillard reaction and lipid peroxidation. The higher the fatty acid carbon number, the greater the promotion of the Maillard reaction induction and the tendency toward suppression of lipid peroxidation induction. To our knowledge, the present study is the first to report this phenomenon, which has major significance for the bread industry. Further investigation of the mechanisms of this phenomenon is required. Figure  4 and 5 show the effects of different unsaturated fatty acids on the Maillard reaction and changes in lipid peroxidation, respectively, induced up to 1 h of baking bread dough. An increase in the degree of unsaturation of added unsaturated fatty acids tended to increase the Maillard reaction induction while suppressing lipid peroxidation induction. These findings differ completely from those regarding saturated fatty acids, suggesting the existence of a mechanism by which changes in the degree of unsaturation has a greater effect than changes in the carbon number on the Maillard reaction and lipid peroxidation inductions when unsaturated fatty acids are used.
Effects of changes in saturated fatty acid carbon number on the Maillard reaction and lipid peroxidation:
Changes in the Maillard reaction and lipid peroxidation inductions during baking of dough with different added unsaturated fatty acids:
Effects of changes in the degree of unsaturation of unsaturated fatty acids on the Maillard reaction and lipid peroxidation: Figure 6 shows the relationships 
CONCLUSION
The present findings demonstrate that differences in the chemical structure of different fatty acids greatly affect bread baking. With saturated fatty acids, changes in the carbon number had a marked effect on the Maillard reaction and lipid peroxidation inductions. Conversely, with unsaturated fatty acids, changes in the degree of unsaturation had a greater influence than carbon number on the Maillard reaction and lipid peroxidation inductions. The present findings represent a major contribution for the bread industry and the entire food science field. 
